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In  the  world  of  living  nature  there  are  about  I.5  million 
various  species  of  animals.  All  those  axe  remarkably  well  adapted 
to  their  environment.  Such  adaptiveness  is  the  result  of  natural 
selection,  that  is,  the  survival  of  the  most  progressive  and  the 
perishing  of  the  unprogressive  forms.  Selection  in  nature  operates 
or.  the  smallest  detaiils  of  any  character  of  smy  species.  The  fine¬ 
ness  and  perfection  of  the  adaptations  is  explained  by  the  proloi^d 
and  xinceasing  action  of  selection,  rounding  off  those  characters 
which  most  of  all  correspond  to  the  conditions  of  life  in  a  given 
environment . 

This  general  principle  in  the  organic  world  is  observed  also 
in  water  animals,  for  which  swiftness  of  movement  represents  an 
essential  advantage  in  the  struggle  for  existence.  The  ’’clever*’ 
achievements  of  the  animate  world,  built  up  step  by  step  over  mil¬ 
lions  of  years  can  be  used  in  the  interests  of  man,  and  in  partic- 
uleir,  those  adaptations  providing  the  r/ater  animal  with  its  high 
rate  of  movement  can  be  borrowed  for  practical  purposes.  The  close 
investigation  of  such  adaptations  in  faat-ewimming  water  animals 
can  prove  to  render  valuable  ideas  in  increasing  the  speed  of  ships 
without  raising  the  engine  capacity.  Such  an  idea  was  first  intro¬ 
duced  by  us  at  a  scientific  and  technical  conference  of  the  Lenin 
grad  Higher  Ship  Engineering  College  imeni  Admiral  Makarov  by 
]^gineer  2.  M.  Afonin  (19^1)  and  the  author  of  the  present  article, 
Tomilin  (I96I). 

Most  accessible  for  study  from  this  point  of  view  of  the 
water  animals  are  the  cetaceans  --  highly  organized  and  specialized 
forms  capable  of  attaining  high  speed  in  free  aovement  both  singly 
as  well  as  in  entire  shoals.  Many  of  these  easily  outswim  the 
fishes  which  they  consume.  The  main  organ  for  the  movement  of 
cetaceans  is  the  laterally  compressed  section,  the  tail  stock, 
at  the  rear  end  of  which  are  two  broad  lateral  extensions,  the 


tall  fins,  ordinarily  called  the  flukes.  The  tail  stock  Itself 
executes  up  »  dovm  aovements,  and  the  flukes  assume  various  angles 
of  slope  to  the  lengthvd.se  axis  of  the  tall  stock.  The  frequency 
and  scope  of  the  tall  stock  blov/s  and  the  angle  of  Inclination  of 
the  flukes  affects  the  speed  of  the  animal’s 'movement.  Dolphins 
of  210  om  length,  svrlmmlng  at  a  speed  of  ^3.3  km  per  hour,  flap 
their  tails  at  the  rate  of  3*^  times  a  second,  and  at  a  2.3  times 
per  second  rate  they  8vd.m  up  to  16.7  km  per  hour  (Schevill,  I96I). 

Besides  direct  evidence  of  the  svdmmlng  rate  of  the  cetaceans 
we  also  find  evidence  of  the  high  locomotive  properties  of  these 
animals  In  the  great  leaps  above  the  water's  surface  that  they  per¬ 
form,  their  indefhtigibility  in  migratibna  extending  for  thousands  of 
kilometers,  cases  of  long  distances,  covered  by  whales  vd.th  severed 
flukes,  and  the  phenomenon  of  "wave  riding"  by  dolphins. 

Direct  data  on  the  svrlftness  of  the  movement  of  freely 
svdmmlng  cetaceans  have  been  accumulated  during  the  activities  of 
the  dolphin- hunting  and  whale-hunting  industries  in  pxxrsuit 
after  prey,  and  also  through  observations  of  playing  (gamboling) 
dolphins,  6uxd  especially  observations  of  cetaceans  trailing  after 
ships.  The  remarkable  habit  of  trsiiling  ships  permits  a  precise 
determination  of  the  speed  of  these  animals.  This  habit,  which  is 
not  yet  fully  understood,  xa  characteristic  of  many  species  of  the 
order  (i'omilin,  1937.  1957)  and  generailly  .is  observed  as  short 
pursuits,  lasting  from  aeverail  seconds  to  several  dozens  of  minutes. 
In  addition,  the  very  rare  instances  of  persistent  following  of 
ships  for  many  days  by  the  blue  and  the  humpback  whales  are  known, 
lokhansen  and  Qarden  (dohannessen  and  Harder,  i960)  have  gathered  . 
special  information  on  the  speed  of  the  toothed  whales  from  the 
high-speed  American  ship  "Monterey",  amounting  to  36-39  km/hr. 

From  thie  ship  it  was  observed  that  the  Liocassis-odinochka  [/ij. 
swam  for  20  minutes  at  speeds  varying  from  36  to  55  km/hr,  and 
large  groups  of  grampus  numbering  200-500  members  maintained 
speeds  of  26-33  km/hr  for  8-25  minutes.  A  similair  speed  (56  km) 
for  a  shoal  of  grampuo  has  been  established  by  Shuleykiu,  Luk*- 
yanova,  Stas'  (1957).  But  the  grampus  can,  apparently,  outsvrLm 
the  Liocaeais,  in  whose  stomach  remains  of  grampus  have  not  yet 
been  found. 

Of  the  Mystacoceti  the  rorquals  are  the  fastest.  Whale 
hunts  have  established  that  following  the  unauccesaful  firing  of 
a  harpoon,  lightly  wounded  sei  whales  (12-15  a  in  length)  can  dash 
for  short  distances  at  a  speed  of  almost  55,  and  tne  finbacks  (20  Q 
in  length)  —  up  to  50  km/hr. 

Cetaceans  maintain  a  considerable  speed  even  for  large  arti¬ 
ficial  loads,  for  example,  when  harpooned  whales  drag  behind  them 
a  whaleboat  or  a  broken  line,  for  the  "hooked"  dolphins  can  tow 
the  boats. 

In  our  whale-hunting  practice  of  195^,  when  the  hunting 
techniques  were  not  yet  perfected,  such  cases  were  frequently 
noticed.  On  25  November  an  adult  female  (19.5  a  ia  length)  broke 


a  Una  and  vrith  m  'if  extended  line  swam  from  the  ressarchera  at 
a  speed  of  26  km/hr  fjr  ftorethan  an  hour  (later  it  was  caught  by 
a  second  harpoou).  Ou  3  December  a  wounded  finback  (19*7  m  in 
length),  drawing  out  the  entire  length  of  line  (1125  m)  still  kept 
it  extended  even  against  the  full  force  of  the  ship's  forward  move¬ 
ment,  making  25  km/hr.  More  than  once  it  turned  out  that  when 
wounded  finbacks  towed  the  whale-hunting  ships  "A vanguard”,  "Enthu¬ 
siast”,  and  "Trudfront”  (displacement  of  260  tons)  at  a  speed  of 
3-5  km/hr  even  with  alow  reverse  engines,  with  an  890  hp  capacity. 

In  the  old  literature  (Scammon,  18?^)  we  find  recorded  the  fact  that 
one  finback,  running  across  an  anchor,  pulled  a  schooner  from  its 
roadstead  and  towed  it  at  a  speed  of  22  kn/hr. 

Analogous  facts  are  known  also  for  the  smaller  cetacesms. 

The  author  was  f  witness  to  an  adult  grampus  (170  cm  in  length) 
being  "harnessed"  in  a  felucca  (about  2  tons  in  capacity)  contain¬ 
ing  six  fisherman  and  how  the  animal  pulled  this  load  from  No'vyy 
to  Stc  ryy  Gagra  at  the  rate  of  a  mam  wailking.  A  dappled  dolphin 
in  the  Gulf  of  Mexico  swam  neeir  the  prow  of  a  ship  at  a  speed 
of  18.5  kmA"  in  spite  of  a  remora  fish  50  cm  in  length  affixed 
to  its  spine  (Mahnkea  amd  Gilmore,  i960). 

Cet'.ceans  are  able  to  make  high  leaps,  poaeible  only  at 
high  speed.  Aphalins  and  grampus  can  spring  up  to  heights 

of  4-5  m.  Aphalins  can  leap  completely  free  of  the  water  even 
alongside  the  shore  where  the  water  is  only  2-3  n  deep,  or  In 
artificial  basins  having  a  diameter  of  not  more  than  20  m.  The 
high  leaps  of  the  dolphins  and  their  complete  emergence  from  the 
water  even  in  narrow  spaces  substantiates  not  only  the  high  speed 
of  these  animals  but  also  the  efficiency  of  their  movement,  which 
seems  to  be  disproportionate  to  their  musc\ilar  strength. 

The  efficiency,  facility,  and  swiftness  of  movement  enables 
cetaceans  annually  to  complete  enormous  seasonal  migrations  over 
distances  of  thousands  of  kilometers  between  cold  (sometimes  polar) 
and  warm  (sub -tropical)  waters.  Pointing  to  the  high  efficiency 
of  movement  is  the  case  of  a  capture  along  the  migration  routes  of 
a  grey  whale  with  both  flukes  severed  some  time  in  the  past.  This 
whale  could  move  only  by  thrashing  his  tail  utock,  not  in  the  usual 
up-auid-down  direction,  hut  laterally,  as  a  fish  —  right-to-left; 
as  it  advanced  the  whale  tipped  one  side  and  thrashed  with  his 
tail  stock  right-to-laf t  (that  is,  up-and-dovn) .  and  before  it 
emerged  at  the  surface  it  rotated  i  s  body  (  '  '  ■  hclO  upwards, 
in  order  to  breathe.  In  spite  of  ai this  labor,  tne  tiaioed  kHuIi 
covered  a  distance  of  more  than  6,00u  km  in  70-79  days  (Gilmore, 

i960). 

The  perfection  of  the  adaptations  to  movement  in  water  that 
are  found  in  dolphins  is  confirmed  by  ‘he  phenomenon  of  "wave 
riding".  This  is  the  name  given  to  the  cases  of  passive  gliding 
of  dolpblns  along  the  prow  of  a  ship,  when  their  fltikes  are  kept 
still,  but  their  bodies  nonetheless  glide  (sometimes  for  hundreds 
of  oetersl)  along  the  wave  produced  at  the  prow  of  a  ship.  The 
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wave,  striking  the  Immobile  flxike,  lightly  thrusts  against  the 
dolphin’s  body  with  the  ship's  speed.  Such  gliding  in  the  wake 
of  a  ship. moving  at  19  km/hr  lasts  for  5  minutes.  Fedzher  and 
Eakkus  (Fejer  and  Backus,  I960)  have  established  that  even  small 
•  wind-dxivea  waves,  with  an  angle  of  10-l8^  and  a  speed  of  5-6  n/sec 
can  be  ridden  by  dolphins.  Snore-side  waves  (in  shallows)  are  ridden 
by  entire  shoals  of  12-15  aphalins  ijy  passively  moving  with  the 
wave  for  distances  up  to  227  m  (Caldwell  and  Fields,  1959)* 

The  postvires  used  by  dolphinh  in  riding  waves  evidencee  their 
use  of  uhe  thrusting  force  of  the  wave  by  their  entire  body,  not 
only  by  the  ventraQ.  surface  of  the  flukes  (luen,  1961). 

£ow  can  such  adaptations  be  explained  and  what  makes  for 
the  high  speed  of  cetaceans? 

In  connection  with  this  question,  of  special  importance  is 
«  the  fact  established  through  experiments  that  a  form  closely  repro¬ 

ducing  tire  weight  and  contour  of  a- dolphin,  to  which  its  strength 
corresponds,  moves  much  more  slowly  than  a  live  dolphin.-  Kramer 
(i960  a,  b)  showed  that  the  dolphin  has  a  resistance  in  the  water 
one-tenth  that  of  the  model  with  the  usual  sheathing,  of  the  same 
size  and  form.  It  is  obvious  that  the  rapidity  of  cetaceans  rests 
not  only  on.  the  form  of  the  body  and  the  strong  musculature  of  the 
tail  stock  alone. 

In  reality  the  high  speed  of  these  animals  is  explained  by 
the  following:  1)  the  specific  structure  of  the  akin  covering 
exhibiting  hydrophobic,  anti-tui'buleat,  and  damping  properties; 

2)  a  well-developed  driving  msch-aniem  in  the  sheath,  inducing  a 
whirling  stream  about  the  faet-ffloviag  body;  and  5)  the  highly  . 
streamlined  form  of  the  entire  body  and  also  of  its  parts. 

The  adaptations  in  the  sheaths  which  decrease  the  resist¬ 
ance  of  friction  arise  from  the  following:  1)  by  way  of  the  for¬ 
mation  of  a  non-wettable  (hydrophobic)  skin,  and  2)  by  way  of  the 
formation  of  elastic  (flexible)  and  damping  structiire  of  the  'd.n, 
which  reduce  the  turbulence  of  the  stream  arising  from  the  rapid 
movement  of  the  body  in  water,  and  promotes  the  conversion  of  the 
txirbulent  conditions  of  the  wake  into  lauinar^ 

The  non-wettability  (hydrophobicity)  in  cetaceans  Is  achieved 
by  the  very  quality  of  the  skin  material;  in  the  whale  industry  it 
can  be  neeii  how  dolphins  lifted  from  the  water  instantly  become  dry 
externally,  and  captured  whalas  lying  on  board  and  swept  by  high 
wsves  do  not  show  any  drops  or  traces  of  moisture  after  the  wave 
has  passed,  since  the  water  Instantly  streams  off  the  bodies  of 
the.  aalBuiIa . 

As  far  as  the  interaction  of  the  hydrophobic  iraterials  with 
water  is  concerned,  Z.  M-  Afonin  (I96I)  wrota:  "Hydrosechanic® 
bases  its  the-ory  of  the  resistance  of  friction  on  the  hypothesis 
of  the  adherence  of  the  nearest  layer  of  liquid  to  the  surface  of 
the  moving  body.  This  is  wholly  valid  for  saterials  usually 
employed  in  practice.  But  what  happens  with  this  layer  of  liquid, 
if  the  material  of  the  body  surface  is  hydrophobic?  According  to 
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the  idea  of  the  physical  chemists  (Professor  A.  A.  Glagoleva)  the 
water  molecules  can  aggregate  into  groups  that  are  linear  or  bulky 
(including  circulao*)  in  structure.  The  surface  of  the  hydrophobic 
material  has  a  property  of  so  acting  on  the  immediate  layer  of 
water  that  the  molectiles  of  this  liquid  join  in  circular  structures. 

In  such  cases  the  svirface  of  the  hydrophobic  body  moving  in  the 
water  spins,  as  it  were,  on  ball  bearings,"  If  this  is  so,  then 
the  hydrophobicity  of  the  skin  must  be  recognized  as  a  very  impor~ 
tant  adaptation  to  fast  swimming,  reducing  the  tangential,  frictional 
forces. 

Another  moat  important  character  of  the  akin  of  cetaceams  is 
its  anti-turbulent  property.  Kramer  (i960  a,  b),  using  the  principles 
of  dolphin  skin  structure,  made  an  artificial  skin  called  "laminfld" . 
A  model  of  a  torpedo  clothed  in  this  skin  moved  more  rapidly  than 
an  analogous  model  with  the  same  propulsive  force,  but  with  the  usual 
sheathing,  .  In  order  to  understand  how  successful  this  imitation  of 
dolphin  skin  was,  it  is  necessary  to  compare  the  structure  of  the 
covering  of  cetaceans  with  the  structure  of  the  "laminflo"  covering. 

The  skin  of  most  species  of  whales  and  dolphins  from  top  to 
bottom  is  completely  unkeratinized  and  is  built  on  a  single  design 
principle,  which  has  been  described  in  detail  by  V.  Ye.  Sokolov 
(1955 ♦  i960  a,  b)  (Figure  1).  In  the  epidermis  under  the  outer 
fine  layer  (stratum  corneum)  a  growth  layer  is  situated,  in  the 
ribbed  cells  of  which  from  below  flexible  prickly. ipApiUa.  of  ;.the 
dermis  emerge  singly  from  below  in  a  direction  perpendicular  to 
the  skin  siirface  (the  "rods",  in  the  terminology  of  Kramer,  i960). 
These  skin  papilla  are  vary  flexible,  since  along  their  axis  lie 
fine  collagenous  and  elastin  fibers,  and  also  blood  capillaries. 

Under  the  skin  papilla  we  find  a  very  dense  neat  of  bundles  of 
collagenous  fibers,  lying  at  small  and  acute  angles  to  the  skin's 
surface.  Going  more  deeply,  the  nest  becomes  looser,  the  fibers 
become  blunter,  and  fat  cells  appear  among  them.  Even  further 
down  the  skin  grades  off  inperceptibly  into  the  subcutaneous 
'■■'.I'ilar  tissue  .or  fatty  layer,  permeated  sparsely  with  scat¬ 
tered  c illagenous  funiculi,  the  space  between  being  filled  with 
fat.  In  the  lower  part  of  the  layer,  close  to  the  subcutaneous 
musculature,  the  network  of  collagenous  funiculi  increases  again 
in  size,  and  the  funiculi  become  even  blunter.  The  elastin  fibers 
usually  pass  aicngside  the  collagenous  funiculi.  The  epidermis 
and  skin  papilla  are  best  developed  where  the  skin  experiences  the 
greatest  water  pressure  during  forward  movement  (frontal  part  of 
the  head,  the  anterior  edges  of  the  flukes,  etc.).  This  points  to 
the  role  of  the  skin  as  a  damper  of  the  frictional  forces  during 
sove-aent  in  a  fluid  environment. 

Whqt  then  of  the  sheath  structure  described  did  Kramer 
borrow  to  produce  his  artificial  skin  —  the  "laminflo"  sheathing? 
The  latter  was  made  of  flexible  rubber  and  consisted  of  three 
layers:  the  upper  b.?ing  a  smooth  seamless  covering  (0.5  esj  in 
thickness),  having  an  elastic  diaphragm  with  small  flexible 
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Fig*  1*  Sohaaatlo  s<»otion  tkrougib 
th»  «kla  of  a  'whala  (aftar  V.  i. 
Sokoloy*  I960):  1  -  spidaraiaj 

Z  -  daraia;  5  -  fat  lay#.??  4  - 
suboutaaaoua  sauculsturat  ^  >  uppar 
layar  of  tixa  apidarnls  atratvia 
oornoux)  6  •  growth  layar  of  th« 
apidaraia;  7  -  pita  of  tha  jprowtb 
layar;  B  •  ps^okla  papilla  of  tha 
danaiaj  9  •"  auhpapillar  layar  of 
th«  daraiai  10  -  fuiviculi  of  ocl- 
lagaaoua  fibara?  11  -  fuaicull  of 
alaatin  flbarst  12  -  fat  colla. 
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Fig*  2.  Sohaaa  of  artlFlolal 
akla-ahaathiag  ’’laoinflo'’  ( 
aftar  M*  0.  Krjuaar,  I960  b): 

A  -  lafearal  aactloa;  B  -•  t-aa- 
gontlal  aactiOQ  through  th« 
layar  of  ahaftlata  along  tha 
Una  ab{  1  <»  uppar  saooth  • 

aaaalaaa  aaTalopa;  2  >  alaatlo 
dlaphraga  oontaioiog  flaxlble 
ahaftlata;  3  ^  lowar  s«aalaaa 
anTalopa;  4  -  body  of  tha  sodal; 

5  -  space  filial  with  daaplng 
fluid j  6  flaalbla  ahaftlata. 


apertures  (total  thickness  1.3  ttm)  and  a  lower  seamless  covering 
(0.5  am),  adjoining  the  body  of  the  torpedo  model  (Figure  2,  A.  B). 
The  intervals  between  the  apertures  bounded  from  below  b^  a  sup¬ 
porting  covering,  and  from  above  by  the  lower  aide  of  the  diaphragm, 
were  filled  with  a  damping  fluid.  The  upper  seamless  covering  imi¬ 
tated  the  fine  horny  smooth  layer  of  the  dolphin's  skin,  and  the 
diaphragm  with  the  finger-shaped  apertures  reproduced,  as  it  were, 
the  akin  with  its  collagenous  tissue;  the  damping  liquid  in  the 
"laminflLo."  akin  was  an  analogue  to  the  liquid  fat  in  the  fatty 
layer  of  the  dolphin  *  a  skin;  the  lower  seamless  covering  served  as 
the  support  sheath.  The  damping  liquid  in  the  "laminf lo"  skin  upon 
experiencing  pressure  from  above  on  the  elastic  diaphragm  could  be 
sent  through  the  capillary  spaces  among  the  small  apertures,  over¬ 
coming  the  force  of  resistance  6U3d  in  this  way  acting  as  a  damper 
of  the  oscillations  and  whirl  induced  in  the  adjoining  layer  of 
water. 

Damping  in  the  akin  coverings  of  fast  swimming  dolphins  is 
achieved  through  the  smooth  epidermis  amd  the  upper  part  of  the 
flexible  dermis  at  the  sites  of  highest  water  resistance  pressing 
in  on  the  fluid  fat,  which  as  a  result  is  circulated  to  the  very 
narrow  passages  between  the  highly  flexible  collagenous  fibers. 

The  damping  process  in  dolphin  skins  is  accomplished  much  more 
effectively  than  in  the  "3smin£lo"  sheathing,  since  in  the  dolphin 
the  damping  layer  (dermis  with  papilla  and  fatty  layer  with  collag¬ 
enous  tissue)  is  much  thicker  (several  centimeters!),  the  capillarity 
is  substantially  finer,  and  the  elasticity  of  the  capillary  passages 
is  higher.  In  addition,  the  fat  of  cetaceans  In  the  damping  process 
exhibits  two  most  valuable  properties  —  liq\d.d  consistency  and  high 
degree  of  wetting  of  the  collagenous  fibers.  Therefore,  it  must  be 
recognized  that  the  ’’laniaflQ"  sheathing  is  fair  from  perfect,  since 
in  it  Kramer  did  not  take  into  account  many  details  of  the  structure 
of  the  natural  dolphin's  akin,  which  can  still  further  reduce  the 
friction  in  the  adjoining  layer  of  the  fluid  environaent. 

For  the  fastest  species  of  cetaceans  (Liocasals,  grampus, 
the  bottle-nosed  dolphin,  innu  of  the  rorquals  —  the  finbacks) 
the  network  of  elastic  fibers  in  the  akin  is  much  more  lutaaaely 
developed  in  the  slower  species  (Sokolov,  i960).  This  fact  sub- 
stantxates  the  importance  oi  the  elasticity  and  floxibility  of.  tie 
skin,  assisting  the  damping  of  the  water  turbulence  in  the  rapid 
passage  of  cetaceans-  Due  to  the  extreme  elasticity  -of  the  intefiu- 
jsent  the  skin  of  cetaceans  usually  does  not  preserve  any  marks  ai"t®r 
vigorous  coliisiona  and  traumas,  and  acse  wounds  as  a  rule  are 
spaemodically  constricted,  through  which  the  wound  opening  is 
closed  (it  is  probable  that  his  is  how  wounded  whales  survive). 

In  recent  years  in  the  whaie-huntiag  industry  the  flejnble  creases 
of  whales  have  begun  to  be  used  as  the  best  fenders  /krante;^/. 

Thus,  cetaceans  have  at  the  sane  time  both  aet-hods  of  reduc¬ 
ing  friction:  the  anti-turbulent  properties  of  the  skin  and  improved 
damping  reduced  friction  so  that  the  turbulent  cenditioa  is  converted 
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into  a  laminar,  and  the  laminar  friction  in  its  turn  is  decreased 
by  the  hydro phobicity. 

However,  there  is  still  another  most  important  adaptation 
for  friction  reduction.  The  eddy  streams  auriaing  around  the  faet- 
awimming  body  are  produced  by  a  motor  mechanism  of  the  sfcLn  itself. 
In  the  Florida  Aquarium,  transverse  wavy  ripples  of  the  skin 
were  noted  for  swimming  aphalins  at  the  moment  of  ma:dm\im  speed 
(before  a  jump,. or  after),  photographed  by  Easap'yan  (Essapian, 
1956).  The  importance  of  these  ripples  has  thus  far  remained 
unclear.  It  is  obvious  that  the  movement  of  the  skin  and  the  very 
elastic  subcutaneous  musculature  ^See  Not^  in  the  form  of  trans¬ 
verse  ripples  around  the  body  begins  when  the  speed  of  the  dolphins 
reaches  the  critical  value  and  when  the  water  eddies  cannot  not  be 
eliminated  either  by  the  hydrophobic  or  by  the  damping  properties 
of  the  skin.  The  high  mobility  of  the  akin  is  characteristic  ailso 
of  large  whales,  which  has  been  corroborated  by  instances  of  the 
repeated  fracturing  of  the  sword  of  swordfish  imbedded  in  the  body 
of  blue  whales  upon  collision  with  swordfish  (Jcasgard,  1959). 

On  this  same  principle  markers  placed  in  the  bodies  of  whales  almost 
always  proved  to  be  deformed,  if  they  are  fastened  by  one  end  into 
the  blubber  and  by  the  other  into  the  muscle  (Clark  and  Ruud,  195^). 

‘  (^OT^  The  high  elasticity  of  the  subcutaneous  musculature 
results  from  the  elastic  fibers  surrounding  the  muecle  fibers  (Soko¬ 
lov,  i960  a,  b).) 

The  transverse  skia-suacular  bands  running  along  the  body 
of  cetaceans  dampen  the  eddies  induced  through  rapid  movement  and 
make  high  speeds  possible.  Precisely  this  serves  to  explain  the 
rapid  movement  0^  large  (sometimes  in  the  thousands)  ahcais  of 
dolphins,  when  it  would  appear  that  the  eddy  currents  due  to  the 
close  proximity  of  swimming  specimens  would  reach  very  h2.gh  rates 
of  epeed  and  make  the  rapid  movement  of  the  shoal  Imposeible. 

The  high  hydrodynamic  properties  of  the  contour- of  the  body 
and  flukes  of  whales  are  widely  known.  But  besides  the  general  fera 
of  the  body  streamlining,  is  probably  promoted  in  the  rorquals  of  the 
order  Balaenoptera  by  the  very  mobile  and  flexible  longitudinal 
bands  along  the  abdomen,  and  for  almost  all  species  of  dolphins 
—  by  the  fat  cushion  on  the  head.  Study  of  thee-e  adaptations, 
and  vhair  evaluation  from  the  hydroaec  aics  point  of  view  can 
prove  to  bo  useful  for  practical  purpoe'"?. 

The  sita  and  number  of  bands  (4O-x20'>  for  various  species 
of  rorquals  differ,  but  their  arran^'saent  for  all  species  is  the 
same  —  on  the  abdontnai  side  from  the  chin  to  the  region  of  the 
navel.  Would  not  the  abdo?iLaal  fold  (in  addition  to  their  other 
functional  values)  serve  as  improved  eddy  current  dampers,  neces- 
satry  for  the  eoveseat  in  water  of  so  long  a  body  as  we  find  for 
these  whales  (10-50  m)7 

It  is  possible  that  the  fat  cushion  on  the  head  (in  the 
frontal  part)  of  dolphins  is  also  an  important  adaptation  for 
rapid  sovesent  in  waiex.  The  value  of  this  organ  (undoubtedly 
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multi-functional)  has  not  yet  been-  discovered,  but  it  can  be  r.ssumed 
that  the  elastic  fat  cushion  situated  below  the  skin  serves  as  a 
superlative  damper,  which  does  not  permit  any  turbulence  from  the 
very  front  to  the  rearmost  i>art  of  the  moving  body.  The  laws  of 
hydrodynamics  state  that  such  turbulence  would  be  especially  dis¬ 
advantageous,  since  it  would  sharply  reduce  the  speed  of  the  animal. 
It  is  not  by  chance  that  all  small  and  large  dolphins  have  a  fat 
cushion  streamlining  the  water  flow  about  the  body  (espociall^ 
during  leaps).  Let  us  recs!.!  in  this  connection  that  during  times 
of  wave  production  emd  swells  ships  are  greatly  impeded  in  progress. 
Could  not  damping  structures  anatlogous  to  the  fat  cushions  help  to 
eliminate  thi6  defect,  if  they  were  situated  at  the  very  prow  of 
the  ship,  which  ia  most  vigorously  thrust  upon  by  the. oncoming  wave? 

Conclusions 

1.  The  principles  of  the  adaptation  of  water  animals  to 
rapid  movement  ' —  their  anti-txirbulent  and  hydrophobic  properties 
of  the  skin  coverings  —  can  be  use-’.  a:i  i.<iehniqaea  for  increasing 
ship's  speed  (Afonin,  196lj  Tomilir , 

2.  Cetaceans  are  the  most  Valuable  objects  for  study  of 
these  adaptations,  which  reduce  frictional  resistance  ajad  result 
in  the  high  rates  of  movement  of  these  animals.  The  following 
features  assure  the  high  speed  of  cetaceans;  a)  the  specific  struc¬ 
ture  of  the  akin  cover  exhibiting  hydrophobic  and  anti-turbulent 
properties;  b)  the  deTalopaent  of  a  motor  mechanism  in  the  integu¬ 
ment,  producing  eddies  aroxiad  the  moving  body;  c)  the  development 
of  highly  streamlined  body  forms  and  a  strong  ausculatv-re . 

3.  The  study  of  these  adaptations  must  be  carried  out  on 
the  fastest  moving  species  of  cetaceans  (Lioca?eis,  grampus,  and 
adtual  rorquals)  both  experimentally  under  laboratory,  conditions, 
and  also  through  observations  and  experiments  in  the  natural  habitat 
—  in  the  sea  and  in  aqqaria.  In  the  first  place  it  is  necessary  to 
carefully  study  the  phenomenon  of  damping  in  the  dolphin  intag^omect 
ia  order  to  sore  precisely  duplicate  the  skin  of  cetaca&ns  vhen  pre¬ 
paring  the  artificial  anti-turbulent  and  hydrophobic  sheathing, 

4.  In  evaluating  the  quality  of  the  imitation  it  ir  advis¬ 
able  to  conduct  towing  experiments  at  identical  speeds  of  a  freshly 
killed  dolphin,  a  dolphin  dressed  in  the  artificial  shecthing-skin, 
and  a  controlled  model  with  the  usual  shsathing. 

5.  Speed  testa  should  be  conducted  for  groove i  sodsls  -- 
analogous  to  the  abdcuoi.al  bands  of  rorquals  and  analogous  to 
the  fat  cushions  of  -dolphins. 
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THE  EEFECT  OF  VARIOUS  BIOMASSES  OF  WATER  PLANTS  ON 
TRACE  CONCENTRATIONS  OF  CESIUM  AND  STRONTIUM 
IN  TANKS  i^TH  A  LOV/  T^OW  RATE 


following  is  the  translation  of  am  article  by  A.  L. 
Agro,  A.  P.  Radko,  and  N.  V.  Timofeyev-Resovskiy,  in 
the  Russian-language  publication  Byulleten*  Moskov- 
skogo  Obshchestffa  Ispytateley  Prirody,  otdel  biologii 
(Bulletin  of  the  Moscow  Society  of  Natursilists,  biology 
section),  Vol  LXVII  (5),  Moscow,  1962,  pages  120-12?./ 


The  ability  of  slow-flowing  reservoirs  to  purify  the  water 
passing  through  t  i-r  from  trace  concentrations  of  radioactive  iso¬ 
topes  has  bean  e.  ib.  i.shed  by  several  experimental  investigations 
(Timofeyev-Resovskaya,  1957;  Agafonov,  1958;  Agre,  1962;  and  others) 

However,  still  remaining  unsolved  is  the  question  as  to  the 
quantitative  effect  of  the  biomass  of  the  water  flora  amd.  fauna, 
including  water  plants,  in  the  process  of  purifying  the  water  from 
the  trace  quantities  of  radioactive  isotopes  present  therein.  Such 
data  axe  necessary  to  predict  the  fate  of  trace  aunounts  of  radio¬ 
isotopes  placed  in  the  reservoir  and  to  forecast  their  migration 
into  the  components  of  the  reservoir.  This  is  of  interest  both  from 
the  point  of  view  of  studying  the  migration  path  taken  by  diffused 
elements  and  trace  elements  in  various  parts  of  the  biosphere,  as 
well  as  from  the  practical  point  of  view  —  for  purposes  of  deacti¬ 
vating  water  and  evaluating  the  aaniteiry  euid  hygenic  hazard  of 
reservoirs  contsiainated  by  radioactivity. 

The  task  of  the  present  study  includes  the  discovery  of  what 
effect  the  quantity  of  water  plants  present  in  slow-flowing  reser¬ 
voirs  has  on  how  much  the  water  passing  through  is  deactivated  from 
the  strontium  and  cesium  present,  and  also  what  effect  the  water 
plant  quantity  has  on  the  value  of  the  secondaury  contamination  of 
the  water. 

Methods  of  investigation.  Experiments  were  conaucted  in  low 
ilow  rate  tanks  pranged  in  a  cascade  fashion,  imitating  slow- flow¬ 
ing  reservoirs  /See  Note?.  Six  series  of  tanks  were  used  for  the 
experiment.  The  series  consisted  of  four  tanks  of  30  1  capacity 
each.  Three  aeries  of  tanks  were  designated  to  be  used  in  conduct¬ 
ing  experiments  with  water  contaminated  by  ce3ium-137,  and  three  — 
for  experiments  wxtt  strontium-'/O.  The  first  series  of  tanka  were 
loaded  with  an  equal  amount  of  earth  (sand  plus  stratified  garden 
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the  aosrptlon  «ad  following  tn*  desorption  peric'i.,  the  c-sBi’oa  con¬ 
tent  in  the  water  plants  and  the  coafficieutia  of  e©elv,a  accuau- 
lation  by  the  plants  are  given  as  totals  lor  all  speeios  of  plants. 

Table  3  presents  data  indicfeting  tue  change  in  the  sEouat  of  cesiur.- 
137  in  the  watart  earth,  and  water  plants  following  the  desorption 
period. 

Upon  passing  water  containing  trace  amounts  of  atroni:ium-9C 
through  the  system  of  tanha»  daaotiiration  of  the  water  wae  also 
realized,  but  to  a  leoaer  extent  for  ceolura-15?.  In  exoarinenta 
with  etrontiiuii  an’.  wat«r  phasing  through  all  the  tanka  of  the 
various  scries,  we  also  noted  a  differing  amount  of  oaalum  both 
in  the  sorctioa  period  amti  in  the  desorption  period.  Data  on 
the  amount  of  strontium  passing  through  all  the  tanka  aiad  remain-  '* 

ing  in  the  outflowiix^:  water  are  preaeoted  in  Table  .k'A 

fable  ?  ahows  tne  content  and  distribution  of  cesium  in 
the  water, ‘earth,  and  water  plants  (as  totals)  following  the  periods  • 
of  sorption  and  desorption,  and  alec  lists  the  coefficients  of  stron- 
tiiua  accumalatixone  by  the  water  plants. 

Table  b  shows  the  change  in  the  amount  of  strontium  in  the 
water,  earth,  and  water  plants  following  the  desorption  period  in 
percentagoe  cf  the  amount  of  atrortium  oontaxned  in  the  water, 

.earth,  mid  water  plants  during  the  sorption  period, 

U.i5cuaaion  of  the  Results  Obtained 

The  data  obtained  in  these  experiments  on  the  affect  of 
Various  biomassea  of  water  plants  on  the  extent  of  the  deactiva¬ 
tion  of  water  containing  the  isotopes  strontium  and  cesium  although 
proliminary  nonetheless  have  afforded  a  completely  clear  and  defi¬ 
nite  positive  answer.  It  is  enough  to  compare  the  reealta  of  the 
determination  of  residual  cesium  and  strontium  content  in  water 
passing  through  the  tank  oysteoi  as  presented  in  Tables  1  and  h  in 
order  to  see  that  during  the  sorption  period  water  containing 
ceaium-137  is  purified  twice  as  much,  and  water  containing  stron- 
tlufl!“9C  --  alQoat  six  times  as  much  in  the  tanks  of  the  first 
aeries  containing  a  large  amount  of  water  plants  than  the  tvakfi 
in  the  third  series,  where  no  water  plants  were  placed.  Upon 
passing  through  ooataalaated  tanka  pure  lake  water  (period  of 
desorption)  the  latter  waa  contam-laated  al.ao  coneidorably  leea 
if  the  tan<a  contained  a  large  amou-.t  of  water  ul.43tg.  In  this 
csae  the  water  passing  through  the  firot  aeries  tju.ics  ya#  contam¬ 
inated  by  cealuc  one-aixch  as  aucn  and  by  etrcntium  o.ie-faurth  as 
such  as  in  the  third  eerier  tanka  (Tables  1  and  . 

Comparing  the  efficiency  in  deactivating  water  frots  ceslua- 
117  and  strontluo-90  in  low  flow  rate  tanxa,  we  oust  esphaslae 
tho  better  sorblbility  of  cesium  by  water  plants  and  the  greater 
algrational  capacity  nf  strontium. 

It  can  be  noted  that  according  to  the  claaaiflcatiar.  of 
fi.  V.  Tlacfeyev-Seaovekaya .  strontium  ie  among  those  elaaente 
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in  tha  aiiirth  of  tha  first  and  sscond  series  tanks  (Tables  .3  and 

•  6. ) 

In  our  expsriaents  very  high  accumulation  coefficients  of 
the  trace  amounts  of  radioisotopes  by  the  water  plants  were  obtained. 
On  in  avct-age,  the  coefficients  of  cesium  accumulation  by  water 
plants  equalled  two  orders  of  magnitude,  and  for  strontium  —  two 
io  threw  orders.  It  must  bo  noted  that  the  accumulation  coeffi¬ 
cients  both  for  cesium  and  for  strontium  show  a  tendency  to 
increase  with  decrease  in  element  concentration  ir  the  water 
(lable  2  and  5). 

the  total  content  of  cesium  and  strontium  in  the  water 
plants  following  the  desorption  period  changed,  but  not  substan¬ 
tially  i^d  the  rate  of  strontium  and  cesium. loss  by  the 

water  plants  lagged  considerably  behind  the  rate  of  decrease  in 
the  cesium  and  strontium  concentrations  in  the  water  (Tables  3 
and  6), 

Upon  our  request,  V.  Bukhovtsev  (for  the  work  done,  we  take 
this  opportunity  to  •xprebs  our  deep  thauits)  calculated  the  process 
of  tue  ideal  dij  tion  of  solution  of  matter  fed  into  a  system  con¬ 
sisting  of  four  tanks  of  30  1  capacity  and  with  a  daily  solution 
feedrate  of  l/30th  of  the  total  volume  of  the  entire  ayatem*  The 
figure  shows'  the  cui^vcs  of  change  in  the  solution  concentration 
fer  each  of  four  tanka  from  th^  moment  of  the  onset  of  feed  supply 
up  through  the  thirtieth  'day.  If  wo  compare  the  data  of  the  actual 
experiment  described  in  this  report  vdth  that  cf  the  ideal  condi¬ 
tions  of  dilution,  then  we  sketch  out  the  following  situation. 
Theoretically,  by  the  thirtieth  Cay  17,^  of  the  matter  must  have 
exited  from  the  four- tank  sya^'ea,  and  82, 3?^  must  remain  behind  in 
the  system,  in  which  the  flret  tank  ''ri.i.l  hold  100%,  that  is  the 
ooncentr&t'ion  in  the  water  will  equal  the  ooncentration  of  the 
solutions  supplied,  in  the  eecon-  tank  —91.5%,  in  the  third  tank 
—  78,5%,  and  In  the  fourth—  60%  of  ,he  original  solution  coa- 
oentration.  Under  actual  oondltiona  have  thu  followingt  in 
the  eXj^erii-ent  w?.th  cssiua  0,8%  in  the  firtet  aeries  and  1,7%  in 
the  third  ueries,  and  in  tla  experiment  with  euronti'sua,  1,2%  in 
the  first  aerlss,  and  6.4%  in  the  third  series,  left  th  '  tanks 
relative  to  the  total  amount  of  *60topee.  supplied  It  turn?  out 
that  the  amount  of  cesium  •xit.-'-x.g  from  the  first  series  tanka  is 
one  over  21.6,  and  from  the  third  series  one-tenth  tuat  of  the 
thocrAticilly  calculated  arcunt.  The  aco”nt  of  atrontium  in  the 
first  eeries  is  ore  over  14.5  ar-d  in  tho  third  seriae  one  over  2.7 
that  of  the  theoretical  flgiue. 

Thus,  as  could  be  anticipated,  anly  strontium,  an  a  very 
'  mobile  And  difficultly  eorbed  element,  approxtaateu  In  its  benavior 
unuar  the  given  experioental  conditions  to  ’v.lues  close  to  the 
ideal, 

X  detailed  analysis  of  data  on  the  quantitative  ’-alio  in 
the  cesium  and  atrottium  discribution  b>  coaponsnta  ^water,  earth, 
and  bioaaoa),  and  by  tanka,  and  also  a  coaparlscn  0?  the  ex.<»riaeatdl 


13 


soil)  juid  plajated  with  «quAl  amnun^o  or'  ep^ci'je  of  wntbr 

plant*  CeratophylluiR  ^ornwor^,  Kydrc-  Uiuvxa  /f^'o^bit/* 

J^rioph/lia/B  /foxtai^,  5tratl£t«*  ^ator  eoMl*£7>  Efenanculoa 
^atar  butt«r'!U£7,  aad  Lesna  ^duckv*ed7)  *  asoorti  s»'ri«o  waa 

filled  with  the  s«iCo  &aouat  of  e«>rth,  but  the  qum:^icy  of  water 
pl&ntc,iD  the  tarn^a  w&m  l.?th  of  th&t  in  tha  first  serise.  1'he 
plante  in  th*  second  series  were  of  four  species  fcrtsll,  duok- 
weedt  water  buttercup,  and  liornwort.  The  third  aeries  contained  r.c 
earth  or  wttor  plants,  only  the  bottofia  of  the  taoke  wore  lipjhtly 
aift»*d  o^ter  vfith  saa.--..  All  t'ns  tanks  were  filled  with  oure  lak^s 
water. 

The  experiment  oa  dencti‘«atlns  water  fronn  ce8lufflol3V  and 
atroatium-30  lasted  fer  50  days  and  con3iate<?  cf  two  periods. 

Curing  the  firnt  period,  called  the  sorption  period,  lake  water 
containing'  a  Rolution  of  cesium  or  atrentitue  with  a  concentration 
enual  to  10“°  curiee/litera  in  x*adioactivity ,  with  a  water  flow 
of  ^  1  per  day  uua  passed  throi.gh  the  tames.  The  first  period, 
lasted  for  3C  days.  Ouring  the  second  period,  called  the  desorp>- 
tion  period,  pure  lake  water  without  cesium  or  atrontiuia  paneed 
through  the  tanks.  The  second  experimental  period  lasted  for  2C 
days.  Curing  the  course  cf  the  entire  experiment  sp.mplea  of  water 
Which  had  paaaod  through  the  ahtlre  aystem  of  the  tanka* were  takon. 
Samples  of  water,  eorth,  and  water  plants  from  all  the  tanks  of  nil 
the  aeries  of  the  experlaento  were  taken  after  30  days  (the  sorption 
period)  and  aftur  50  daye  (the  desorption  period).  The  arrangement 
and  treatment  of  the  water,  earth,  and  plant  aaciplea,  and  the  mea- 
eurameata  of  thfiir  radioactivity  were  carried  out  according,  to  th'» 
generally  accepted  methode, 

Reaults  of  the  invoetl.eation<;«  la  paeeing  through  cesium- 
137-contaminated  water,  an  almost  complete  purificaticn  of  the 
water  was  realized.  But  in  various  series  the  amounts  of  coeium 
passing  through  all  the  tanka  differed  both  in  the  sorption  period 
and  in  the  desorption  period.  The  average  data  on  the  aaovint  of 
ceeium  passing  through  all  tanks  and  re.malnlng  in  the  outnowlcg 
water  lira  presented  iu  Table  1. 


Ardouat  05"  Cettlum-137  Exitin/ 
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Amount  of  btr‘octiua-90  in  Viater,  Earth»  and 
i^ater  Planta  Curing  th»  CoBorption  Period 
(In  PBX'cantagefi  of  the  Sorption  Period) 
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LiO'.i:;Di  b)  Srtriee  and  No  of  tanka;  c)  first;  d)  second; 

e)  third;  f)  Water;  g)  Ec^.'th;  h)  Water  plants. 


which  aura  equally  aistributabie  between  water,  earth,  and  the  bio- 
'  leaee,  and  cesium  —  ia  in  that  category  of  alsiaenta  which  are 

accuaulated  ir.  the  'Dto5;i.s?  «nrt  in  tne  earth.  Therefore, 

sian  in  our  exparlmenta  on  the  biological  deactivation  of  water, 

'  the  role  of  water  plants  ia  reooving  precisely  strontiua  froa  the 

water  is  .aore  graphicelly  seen. 

Analysis  of  the  data  on  the  distribution  of  the  ceaiua  and 
strontiua  reaainiag  in  tne  trvr.ka  also  shows  the  role  of  watar 
plants  in  toe  procaae  of  iautope  dir.tribution  bv  tank.  If  in  the 
water  of  the  first  tanka  of  all  three  seriee  an  acproxisately  equa 
acount  of  ceslua  was  contained,  then  the  water  of  the  last  tank  of 
the  first  series  contained  15i  of  the  original  cesiun  content,  and 
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third  8*ri*B  —  2.8%.  Thus,  thy  co«fticiect  ot'  wat«r 
vatioa  in  tfa«  fxT»t  aeries  is  almost  thrse  timss  better.  Apprcxi- 
nuitsly  the  came  ratio  between  the  first  and  third  series  also  bolda 
for  the  desorption  period;  the  amount  of  cesiua  in  the  water  of  the 
first  tank  of  the  first  aerlee  was  1.8%,  and  la  the  thir-.;  series  — 
5%  (Tables  2  and  3). 

An  even  mors  graphic  picture  con  be  seen  ia  experimunts  wit;-, 
strontium  (Table  5)»  The  coefficient  of  deactivation  of  wat^r  for 
the  first  series  is  12.5  times  better  than  for  tlie  third  aerieo. 
ill  data  for  the  second  series ,  as  can  be  expected,  lies  in  an 
intermediate  position.  Data  on  the  cesium  and  strontixun  content 
in  the  earth  of  the  tanks  of  various  series  also  supports  the 
role  of  bioaasses  in  the  prooeea  of  Isotope  distribution  (Table  2.. 

The. figures  presented  in  Table  2  show  that  the  concentration 
of  eesluB  in  the  earth  drops  down  to  one-tenth  in  the  first  aeries, 
and  in  the  third  series  down  to  one-eighth,  from  the  first  tank  to 
the  last.  In  the  experlneot  with  strontiua  analogous  ratios  were 
obtained.  The  strontium  concentration  in  the  earth  of  the  first 
series  from  the  first  tank  to  the  last  drops  down  to  one-twentieth, 
and  in  the  third  series  down  to  one-fourth.  These  data  evidence  the 
oonsldsrably  slower  migration  of  cesiom  and  strontium  in  the  earth 
of  the  tanks  where  the  amount  of  water  plants  is  greater. 


Change  in  conoentration  In  the  tanks  having  a  total  volume 
of  12C  1,  the  volume  of  tank  So  1  being  30  1,  and  the  daily 
flow  *41.  LBlEHat  a)  Concentration,  %j  b>  Daye. 


For  the  second  period  of  the  experiment,  naaely  descrp^ioc 
it  is  inteifeating  to  note  that  not  in  a  sir^gle  tanit  wao  a  decrease 
of  the  amount  of  ceeiiui  or  etrostiun  in  the  earth  observed ;  on  thr 
contrary,  a  slnable  increase  took  place,  in  eplte  of  the  large 
ToluBS  of  pure  lake  water  passed  through  (Tablaa  2,  3.  5  and  6). 

It  seems  to  ue  that  this  fact  can  t  '  a  certain  extent  be  ex'olelned 
by  the  fact  that  during  the  course  of  the  experiment  the  eartn  wee 
enriched  by  remains  of  perished  earth  plants,  w&ioh  not  only  cerrieu 
wits  them  accumulated  etronilum  or  cesiua  but  also  increased  the 
stability  of  the  band  of  the  eerbed  isotopes  with  the  earth,  ilso 
pointing  to  this  ia  the  increase  in  the  cesium  and  strontiun  contonta 
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data  uitn  the  theoretically  calculated  data  will  he  givea  in  a 
subsequeat  article . 


Concluaiorifl 

1.  The  presence  of  water  plants  in  low  flow  rate  tanka 
ccnsidcrably  affect  the  itiagnitude  of  the  deactivation  of  water 
fron  ceaiuai-1.57  ana  strontium- 90.  Under  the  given  experimental 
co.iditiona,  water  was  purified  from  trace  aaounta  of  cesium  twice 
as  well,  and  from  atronta-t-n  —  five  tlm^a  aa  well  in  the  praaenca 
of  a  large  muss  of  water  planes,  and  was  secondarily  contaminated 
by  cesium  one-sixth,  and  by  strontium  one-fourth  less  £ln  the 
presence  of  wacer  plants  compared  to  their  absence?* 

2.  The  deactivation  coefficient,  that  is  ¥he  ratio  of  the 
isotope  concentration  in  the  water  in  the  first  tank  to  the  water 
in  the  last,  is  three  times  as  high  for  cesium  end  for  strontium 
twelve  tijDes  as  hirh  for  water  plant-containing  tanka  as  for 
tan«i,a  without  plants* 

3*  The  presence  of  water  plants  in  the  reservoirs  and  the 
variation  in  their  amount  sharply  affects  the  nature  end  value  of 
tvne  trace  element  distribution  among  the  reservoir  compoueats 
(water,  earth,  and  biomass). 

4,  Experiments  were  conducted  dealing  with  a  forced  regime 
of  water  flow,  thei'efore,  it  can  be  expected  that  with  a  lesser 
flow  the  regulsritiee  shown  will  be  annifest  tc  a  greater  extent, 
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